This paper presents an evaluation of the structural performance of tetragonal lattice girders for NATM tunnel construction. H-shaped steel ribs and triangular lattice girders have been widely used as a temporary support for NATM tunneling. H steel ribs have high flexural stiffness and strength, but they may induce unexpected internal gaps after shotcreting, because of their geometric characteristics. To overcome the problem, triangular lattice girders were developed. However, the lattice girder revealed frequent local failure at the joints of each bar. Moreover, those two supports show the quite low connection strength of members. Recently, a new type support, the tetragonal lattice girder, was developed to overcome the weaknesses of former supports. In this study, the structural performance of the new type support was studied by analytical and experimental methods. For the evaluation, 4-point flexural analysis, the conventional evaluation method, and arch analysis including stability analysis were performed. In addition, a 4-point flexural experiment was performed to evaluate the ultimate load carrying capacity, and observe whether local failure occurs or not. In the experimental study, a connected model was also considered as well as a unit model, in order to check the rationality of the connection method of the girder. All analytical and experimental results were compared with the structural performance of former supports.
Introduction
During New Austrian Tunneling Method (NATM) tunneling, temporary supports are erected to the wall of the excavated tunnel, to resist unexpected collapse of the wall. Figure 1 shows the internal space during NATM tunneling, and Fig. 2 shows the general construction sequence of erection of the support. As shown in Fig. 2 , each unit of the support, fabricated in the factory, is assembled in the construction field. After the erection of the support, shotcreting is undertaken to make the composited concrete wall of the excavated tunnel.
In general, H-shaped steel ribs or triangular lattice girders have been widely used for support. H-shaped steel ribs show good structural efficiency because of the geometric characteristics of their sectional shape. But unexpected internal gaps may occur in the concrete lining after shotcreting, as shown in Fig. 3 (KICT, 1996) . Internal gaps can induce decomposition between the steel member and concrete lining. Moreover, these unexpected gaps can be pathways for subsurface water.
To overcome the weakness of H-shaped steel ribs, triangular lattice girders were developed which have triangular sectional shapes, as shown in Fig. 6 . The flexural stiffness and strength of triangular lattice girders have been studied by analytical and experimental methods (Baumann and Betzle, 1984; Haack, 1989; Yoo et al., 1997; Kim et al., 2007; Kim and Bae, 2008; Bae et al., 2009; Galler et al., 2009; Kim et al., 2009; Kim and Choi, 2009) . Also, Wood (1990) , Moon et al. (1997) , and the KICT (1996) studied the structural behavior after composition of the lattice girder and concrete, by experiment. Because of their 3-dimensional geometric characteristics, the possibility of internal gap occurrence was significantly reduced (Braun, 1983, Baumann and Betzle, 1984; KICT, 1996 ; Komselis et al., Recently, a tetragonal lattice girder was developed to overcome the problems of former supports (KTUSA, 2010) . Tetragonal lattice girders, consisting of steel bar members with rectangular section, are basically designed as a 3-dimensional structure to prevent internal gap Internal gaps in the lining for which H-shaped ribs are used for the temporary supporting system after excavation (KICT, 1996) .
